1.
The carbonyl group (1a) has an easily polarisable π-bond with an electrophilic carbon atom at one end easily attacked by nucleophiles:
Write down the reaction (with curly arrows) between acetone and hydroxide ion.
2.
Have you actually written down the formulae of the reagents and drawn the arrows? The program won't be of much help to you unless you do. Write down the reaction between the carbonyl compound acetaldehyde and the proton-bearing nucleophile ethanol.
4.
If you find this difficult, use the lone pair electrons on the ethanol oxygen atom to attack the carbonyl group of acetone. 
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In this case, the proton is regenerated and this is an example of acid catalysis. Show how water can be added to acetone with acid catalysis.
6.
If you are having difficulty with this, look back at the last reaction in frame 5. Carry out these same steps using acetone as the carbonyl compound and water as HX. would be formed by a mechanism exactly like the one in frame 7. When you combined R 2 C=O + H with ethanol you formed an adduct (8b), which is the product of ethanol addition to a ketone. The steps you drew are therefore part of the acid catalysed addition of ethanol to a ketone. Draw out the whole of this reaction. 
.

OH
.
10.
Look at the reactions in frames 7 and 9 again. Note that all the steps are reversible and that therefore R 2 C=O + H may be formed from R 2 C=O, R 2 C(OH) 2 or R 2 C(OH)OR:
It is in fact a general rule that compounds of the type R 2 C(OR) 2 , having two oxygen atoms singly bonded to the same carbon atom, are unstable in acid solution. A reason for this is that both oxygens have lone pairs of electrons, and so, when one pair is protonated, the lone pair on the other can form a C=O double bond and expel the protonated atom. Draw this in detail. This reaction sequence, added to the ones in frames 9 and 12, gives us the addition of two molecules of ethanol to a ketone to give R 2 C(OEt) 2 . Draw this sequence out in full without referring back.
.
14. If you have difficulty doing this, look at frames 9, 12 and 13 without writing anything down and then try again. This is a good place to stop if you want a break.
17.
Since this whole sequence is reversible, it will go forwards in ethanol and backwards in water. What do you think would happen if acetaldhyde and n-butanol were dissolved together in a 1 : 3 molar ratio, and the solution refluxed for 12 hours with a catalytic quantity of toluene sulphonic acid, and the product dried and distilled?
18. This is a literature preparation of CH 3 CH(OBu n ) 2 . Acetaldehyde is the carbonyl component, butanol is the nucleophile and toluene sulphonic acid is the catalyst. 21. In ethanol it gives the acetal R 2 C(OEt) 2 , in water the carbonyl compound R 2 C=O.
22.
If we look instead at nucleophiles without lone pairs, we should find some stable mono adducts. Which of the adducts in frame 8 should be stable?
23.
The cyanide substituent has no lone pair and so its adduct, R 2 C(OH)(CN), should be stable. These compounds, cyanohydrins, are made by adding excess NaCN and one equivalent of acid to the carbonyl compound. The reaction is an equilibrium. What is the role of the acid?
24.
To drive over the equilibrium by protonating the intermediate:
25.
Since this reaction is an equilibrium, the amount of cyanohydrin formed from any given carbonyl compound will depend on the relative stabilities of the carbonyl compound itself and the product. There can be many substituents 'X' on a carbonyl compound RCOX, such as Cl, Me, NH 2 , Ph, OEt, H. Some have inductive effects, some are conjugated with the carbonyl group. Some stabilise RCOX making it less reactive. Others activate it towards nucleophilic attack. Arrange the compounds RCOX, where 'X' can be the substituents listed above, into an order of reactivity towards a nucleophile. These same factors could affect the product as well. Arrange the same substituents in an order for product stability.
26.
28.
Since the carbonyl group has gone in R 2 C(OH)CN, we would expect very little effect from any of these substituents. There cannot be any conjugation, and inductive effects on the distant O atom will be small. What effect would an inductively withdrawing substituent have on the equilibrium for cyanohydrin formation?
29. It will destabilise the carbonyl compound a lot and have very little effect on the product; it will therefore push the equilibrium over to the cyanohydrin side. Consider cyanohydrin formation from: These two properties may be summarised by saying that tervalent boron and aluminium compounds will accept anions from one molecule and transfer them to another.
47. This is used in the selective reduction technique known as the Meerwein-Ponndorf reduction. The tervalent compound is aluminium iso-propoxide, (i-PrO) 3 Al. When a compound such as a ketone is added to this reagent, it combines with it to form a tetrahedral anion. Draw this.
48.
If you are in difficulty, remember that the Al atom is electrophilic and therefore combines with nucleophiles, and think which end of the ketone molecule is nucleophilic. If we draw this same intermediate with one of the iso-propyl groups drawn out in full, we can see that the tertiary hydrogen atom in the iso-propyl group (*) is geometrically placed so that it can be transferred to the ketone. Put arrows on the formula to show how this happens. The reaction is done at a high enough temperature for the acetone to distil off and the equilibrium is kept over to the right.
.
52.
In the hydrogen transfer reaction (frame 50), how is the hydrogen actually transferred -as an atom, a proton or a hydride ion?
53.
As a hydride ion -that is, with the pair of electrons from the C-H bond. This type of reaction is called a hydride transfer. You may have noticed that the transfer was done intra-molecularly within a six-membered ring, and therefore it has a six-membered transition state. Draw it.
54.
If you do know how to draw transition states, skip to frame 59. If you don't know, read on. The transition state for a reaction is the state of highest energy along the reaction path. To draw it, one must first know the reaction mechanism in detail. If there are more than one step, then there will be a transition state for each step. We shall go through the process for a one-step reaction, BH 4 − and acetone. Draw the mechanism for this reaction.
.
H BH 3 O H O H 3 B +
Now draw the formulae again, but put in only those bonds that remain unaffected by the reaction. Don't draw charges or arrows.
.
H 3 B H O
Now 'dot' in all bonds that are formed or broken during the reaction and mark all appearing or disappearing charges in brackets to show that they are partial charges. (Don't use δ+ or δ− as these mean very small charges and here the total charge must add up to unity.) 57. . The reason that this reaction goes so well is that six-membered rings are very stable, and so an intramolecular reaction going through a six-membered transition state will be the most favourable.
The reverse reaction is known as the Oppenauer oxidation.
Here, aluminium-tri-tert-butoxide and an involatile ketone such as cyclohexanone are used to oxidise any secondary alcohol to the corresponding ketone. We can reduce a ketone to an alcohol or oxidise an alcohol to a ketone by using (i-PrO) 3 Al and acetone in the one case and (Bu t O) 3 Al and cyclohexanone in the other. By their mechanism you can see that these reactions will have no effect on other functional groups such as C=C double bonds.
62. This is nearly the end of the first part of the program, so here are some general problems. You will remember that acetal formation (frames 7-17) is a reversible reaction. It turns out that the equilibrium constant for acetal formation from a ketone is unfavourable: 
i-PrOH
Finally, the acetal is hydrolysed by standard means. The result of all this is that we have reduced a ketone in the presence of an aldehyde:
O OH O OH
This is the end of the first part of the program.
